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The National Library of Medicine's Unified Medical
Language System (UMLS) project regularly distributes
a set ofKnowledge Sources to the research community.
In 1995 the UMLS data were made available for the
first time through the Internet-based UMLS Knowledge
Source Server. The server can be accessed through
three different client interfaces. The World Wide Web
interface allows users to browse and explore the data
and to see how those data are organized in the UMLS.
The command-line interface is best suitedfor batch
processing, and the application programming interface
allows developers at remote sites to embed calls in
their application programs to the Knowledge Source
Server

INTRODUCTION

The National Library of Medicine's Unified Medical
Language System (UMLS) project regularly distributes
a set of Knowledge Sources to the research community.
The first version of the Knowledge Sources was
released in the fall of 1990. In January 1996 the sev-
enth experimental edition was released, containing four
Knowledge Sources together with ancillary lexical pro-
grams for managing linguistic variation in biomedical
terminologies.

In 1995 the UMLS data were made available for the
first time through the Internet-based UMLS Knowl-
edge Source Server. The server can be accessed
through three different client interfaces. The World
Wide Web interface allows users to browse and explore
the data and to see how those data are organized in the
UMLS. Users can request information about a particu-
lar concept, for example, retrieving all its synonyms, its
definition, its semantic type, and all the other concepts
that are saliently related to it in the Metathesaurus.
Users can navigate the Semantic Network, exploring its
structure, and they can, for example, retrieve all the
concepts that refer to medical devices or diseases in the
Metathesaurus. The SPECIALIST Lexicon can be
searched, and syntactic and morphologic information
about the lexical item will be displayed, together with a
link to a Metathesaurus definition if there is one. The

Web interface to the Information Sources Map (ISM)
currently allows users to see the ISM description for
each of the databases and also to browse a sample
record for each database.

The command-line interface to the server is best suited
for batch processing. Researchers can submit a list of
terms to the server to see if they can be found in the
UMLS; they can search for various attributes of the
terms that are found; and they can filter the results, lim-
iting the result set by attribute, for example, to just
those terms that have a particular semantic type or a
particular lexical tag.

The Application Programming Interface (API) allows
developers at remote sites to embed calls in their appli-
cation programs to the Knowledge Source Server,
thereby accessing the UMLS data directly over the
Internet. The API has been designed to be simple, con-
sisting of functions for establishing connections to the
server, posting queries, and retrieving the query results.

RESEARCH INVESTIGATIONS USING THE
UMLS KNOWLEDGE SOURCES

Currently, over six hundred individuals or institutions
receive the UMLS Knowledge Sources on CD-ROM.
A much smaller number of these (approximately eighty
individuals or institutions, at this writing), has
requested access to the UMLS Knowledge Source
Server. Recent research has investigated the use of the
UMLS for clinical applications as well as for a variety
of information retrieval tasks. The Internet-based
Knowledge Source Server is potentially of use to these
types of investigations and many others where the
research depends on accurate access to UMLS data. If
the researcher has adequate access to the Internet, the
benefit of using the server could be quite significant,
since it means that the individual investigator does not
need to invest the time and effort in designing and
implementing local programs to manipulate and access
the extensive UMLS data distributed on CD-ROM. An
additional potential benefit of using the Knowledge
Source Server is that it should help ensure comparabil-
ity of results. Since the Knowledge Source Server has
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only recently become available, it is not surprising
that studies such as the following which have
depended on access to the UMLS have, in most cases,
involved the development of local routines to extract
and then match against the UMLS data. The Knowl-
edge Source Server, and in particular, its normalized
indexes, which abstract away from a range of linguis-
tic variation and which are intended to optimize
searching and matching on UMLS concepts, could be
useful in future studies of this kind.

The studies described below are some examples of the
type of research investigations that have been con-
ducted using the UMLS Knowledge Sources. The
coverage of Metathesaurus terminology for use in the
clinical setting was investigated in a study which
automatically substituted Metathesaurus concepts for
terms in physician diagnostic statements [1]. The
Metathesaurus was studied in a comparative analysis
of four coding schemes used to capture patient prob-
lem lists [2]. Surgical operative reports were parsed
and the UMLS Semantic Network was used to disam-
biguate terminology in narrative text [3], and a urol-
ogy subset of the Metathesaurus was created by
exploiting the inter-concept links represented in the
UMLS [4]. The Metathesaurus is being used to index
and organize an image database in three clinical
domains: oncology, gastroenterology, and clinical
pathology [5].

UMLS knowledge is heavily used to capture patient
care information at the Columbia-Presbyterian Medi-
cal Center, where it forms a part of the Columbia
Medical Entities Dictionary [6]. The Metathesaurus
and the Semantic Network have been used in a range
of information storage and retrieval experiments and
systems. Conceptual models for use in information
retrieval systems have been created by exploring the
concepts, relations, and semantic types represented in
the UMLS [7,8,9]. The use of the UMLS to augment
the selection of search terms in information retrieval
systems has been investigated by many researchers,
e.g., [10-12]. The UMLS Knowledge Source Server,
both in its beta and final release versions, has been
actively used in [5,11,12].

IMPLEMENTATION

The implementation of the UMLS Knowledge Source
Server is based on the client-server paradigm. The
system architecture consists of three types of client
interfaces, a main server, and four subordinate serv-
ers, one for each of the Knowledge Sources (see Fig-
ure 1 ).

Figure 1. UMLS Knowledge Source Server
System Architecture

Server

Each server consists of a master process and several
slave processes. The master process receives the cli-
ent's request and initiates a concurrent process for
responding to that request. The concurrent process
dies after it retrieves the requested information. If the
number of concurrent requests that the server receives
grows beyond the limits of our current system, future
implementations might involve a transaction oriented
processing of the requests based on a fixed number of
concurrent processes. Each of the subordinate servers
consists of a back-end search engine, the UMLS data
files, and multiple index structures. The implementa-
tion of the indexes is based on a prefix B+ tree
method. Each index tree is a k-branch tree with the
non-leaf nodes providing indexes into the range of
keys represented by each of the children nodes and
their descendants which eventually connect to leaf
nodes. The leaf nodes contain pointers to the location
of the data identified by the index. The prefix B+ tree
generates intermediate prefix keys which allows for
prefix searches given a partial key.

The Metathesaurus data tables are indexed on a vari-
ety of fields including the concept, term and string
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unique identifers, and the string itself. Based on the
individual indexes, a master index is then created
where, for a given term, direct pointers to all respec-
tive data records in relevant Metathesaurus data files
are provided. The master index significantly speeds
up the retrieval process by eliminating individual
index look ups when asking for a range of information
about a term, such as its definition, its semantic type,
its lexical tags, etc. Indexes are also generated for sev-
eral field values, allowing efficient retrieval of a list of
terms that all share a particular attribute value, such as
all those concepts having the same semantic type. The
word index files are first indexed by creating a file of
words each pointing to the file location of the string
containing that word. An index is generated for that
file, locating the beginning of the blocks correspond-
ing to all strings containing each word.

Clients

Application programs can be built by embedding on-
line access to the UMLS data through the published
API. A simple algorithm for accessing the data would
consist of the following steps: a) open connection to
the UMLS Knowledge Source Server; b) post a for-
mulated query; c) while there is a response on the
connection, get the next line of the response; d) close
the connection.

The command-line interface consists of a call to the
server with some number of options with their argu-
ments (which themselves consist of options with argu-
ments). For example, a query to the Metathesaurus for
all terms with the lexical tag "eponym" would be
expressed as follows: "ks -meta -alt eponym". Thus,
the argument to "-meta" is "-alt eponym", and the
argument to "-alt" is "eponym".

The Web interface is implemented as a series of Com-
mon Gateway Interface (CGI) scripts and uses a
socket based API to connect to the back-end server.
Information is organized in such a way as to be useful
to both the novice and the expert. Help on using the
various features of the interface is provided on each
page. After the user submits a query, this is sent to the
back-end through a CGI script. The output is dis-
played either as fielded ASCII or HTML, or as a
scrolling pick list, depending on the type of query
made. For example, if the query involves one of the
word indexes, then several candidate terms will be
returned in a scrolling list. The user can choose an
item from the list which is then copied into a type-in
window, thereby freeing the user from re-typing the
item when further information is desired.

FLEXIBLE ACCESS TO UMLS
TERMINOLOGY

Word and Term Indexes

In addition to direct access through the strings and
lexical variants provided by the Metathesaurus, the
Knowledge Source Server offers access to Metathe-
saurus terminology through several special indexes.
The word indexes allow users to search for terms con-
taining a given word. The normalized word index
ignores punctuation, word order and inflectional vari-
ation, retrieving items that would otherwise not be
found. For example, a search through the simple word
index for terms containing the word "bacterium"
yields 10 terms, including "gram negative bacterium"
and "gram positive bacterium". The same search
through the normalized word index yields a total of
sixty-seven terms, including "aerobic bacteria", and
"gram negative anaerobic bacteria". The word indexes
allow for multi-word look up and word truncation. For
example, a search through the normalized word index
using the words "respiratory" and "function" returns
the terms "decreased respiratory function" and "brain
stem respiratory center function", among several oth-
ers. Right truncation is particularly useful when a user
is not sure of the spelling of a term or does not wish to
type a very long term.

Exploring UMLS data through the Knowledge
Source Server

An example best illustrates the type of concept infor-
mation available in the UMLS that can easily be
found by using the Knowledge Source Server. If the
user is interested in the concept "attention deficit dis-
order", a search for basic concept information will
reveal that this concept appears in over a dozen the-
sauri, including the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV), SNOMED Interna-
tional, Thesaurus of Psychological Index Terms, the
International Classification of Diseases (ICD9-CM),
and the Medical Subject Headings (MeSH). The con-
cept has a variety of names (synonyms), including
"hyperkinetic syndrome" and "attention deficit disor-
der with hyperactivity". Since this is a MeSH term,
and since the Metathesaurus currently includes
French, Spanish, Portuguese, and German MeSH
terms, those translations are also listed; e.g., for Ger-
man, "Konzentrationsstoerung mit Hyperaktivitaet".
Three sources have a definition for this concept (e.g.,
Dorland's Illustrated Medical Dictionary: "...a contro-
versial childhood mental disorder with onset before
age seven..."). Dorland's also lists additional alterna-
tive names for this sydrome, including "hyperkinetic
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reaction" and "hyperactive child syndrome". Finally,
the semantic type assigned to the concept is "Mental
or Behavioral Dysfunction".

A host of terms related to "attention deficit disorder"
can be found. Searching through the normalized word
index for terms that are purely lexically related yields
a list that includes three variants of "attention-deficit /
hyperactivity disorder": one qualified by "combined
type", another by "predominantly hypertensive-
impulsive type", and another by "predominantly inat-
tentive type". Searching through the related informa-
tion option reveals that in DSM-IV the parent of the
term is "attention-deficit and disruptive behavior dis-
orders"; in SNOMED International its parent is "dis-
ruptive behavior disorders"; and in MeSH its parent is
"child behavior disorders". Terms related to "attention
deficit disorder", but not in a child/parent relationship
in a particular thesaurus, include "hyperkinesis",
"impulsive behavior", "distractibility", and "short
attention span".

By looking at the locator information, the user sees
that "attention deficit disorder" is found as "hyperac-
tivity of children" in Online Mendelian Inheritance in
Man. The locator information also reports that during
the past ten years over 1,600 MEDLINE citation
records have included this concept as a major topic of
discussion. Further, by choosing the co-occurrence;
grouped by semantic type option which displays the
terms that co-occur with this main concept in MED-
LINE citation records, the user sees that the most fre-
quently co-occurring semantic type is "Organic
Chemical". By far the most frequently co-occurring
organic chemical listed there is "methylphenidate"
(273 instances), with the next most frequent co-occur-
rence being "central nervous system stimulants" (38
instances). In the Web interface, it is a simple matter
to explore the term "methylphenidate" further. Click-
ing on the term in the co-occurrence window will
return the user to the basic concept information for the
term. The definition for "methylphenidate" reads "A
central nervous system stimulant used most com-
monly in the treatment of attention-deficit disorders in
children..." So, it is clear that what has been codified
by this definition is also reflected in the scientific liter-
ature on this topic.

It is possible to search for all the other mental disor-
ders that are included in the Metathesaurus, by choos-
ing the option search by attribute; all concepts with a
semantic type. Choosing "Mental or Behavioral Dys-
function" yields a list of over 2,000 additional mental
disorders. Browsing the Semantic Network reveals
that "Mental or Behavioral Dysfunction" can be

related to other semantic types in a variety of ways.
For example, it "has-manifestation Finding"; it
"has_manifestation Behavior"; and it may be
"treated-by a Pharmacologic Substance." All of these
relationships are reasonable and are, in fact, reflected
by the type of related terms that are found in the Met-
athesaurus, as discussed above. For example "atten-
tion deficit disorder" (Mental or Behavioral Function)
is manifested by "short attention span" (Finding) and
"impulsive behavior" (Individual Behavior), and it is
treated by "methylphenidate" (Pharmacologic Sub-
stance).

In addition to focusing on a single term, as has been
done in the above example, users can explore the
UMLS in batch mode. Thus, it is possible, through the
command-line option, to submit an entire file of terms
and query the Knowledge Source server for one or
more attributes of those terms. For example, "ks -meta
-f myterms -c -def -cst -anc -des" searches the Met-
athesaurus (-meta) for information about the terms in
a file (-f myterms), and for each of the terms, it finds
concept information (-c), the definition (-def), the
semantic types (-cst), and all ancestors (-anc) and
descendants (-des).

These examples illustrate some of the information
that is readily available by browsing and searching the
UMLS data through the Knowledge Source Server.
The three different types of client interfaces allow for
a great deal of flexibility in using the system. The sys-
tem can be used and explored interactively through
the Web client; options can be flexibly combined for
batch processing in the command-line interface; and
application programs can easily extract a range of
information through the API.

Large Scale Vocabulary Test

The National Library of Medicine (NLM) and the
Agency for Health Care Policy and Research
(AHCPR) are co-sponsoring an initiative to determine
how well terms from a combination of existing bio-
medical thesauri reflect the terminology that is needed
for developing a standard vocabulary for use in health
information systems [14]. The experiment will test the
coverage of some thirty thesauri that are currently rep-
resented in the UMLS Metathesaurus, together with a
few that will be added for the purposes of the test. A
specialized interface to the UMLS Knowledge Source
Server is being developed that will be used by inter-
ested individuals who will participate by submitting
their terminology to the system. Flexible access to the
UMLS data will be provided through the existing
indexes and through additional lexical routines. When
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terms are found in the Metathesaurus, relevant data,
such as definitions, semantic types, and context hier-
archies will be shown to the user, so that a determina-
tion of the correctness of the match can be made.

CONCLUSION

The UMLS Knowledge Source Server is a sophisti-
cated Internet-based tool for accessing UMLS data. It
can be used by individuals who are interested in
searching, browsing, or navigating through the exten-
sive data provided by all four Knowledge Sources.
Through its command-line interface, it can provide
researchers with a batch processing capability for
extracting and further manipulating UMLS data in
their experiments. Application programs can access
the UMLS data through a simple API, freeing devel-
opers from writing programs to extract the data as
they appear on the CD-ROM. The benefit of this
approach is that any changes to the actual UMLS data
files are transparent to the application developer who,
therefore, does not need to rewrite programs to
accommodate the changes. A specialized interface to
the UMLS Knowledge Source Server is currently
under development for use in the planned NLM/
AHCPR sponsored large scale vocabulary test, which
should result in a better understanding of the clinical
vocabulary that will be needed for a wide-range of
health information systems.
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